INTRODUCTION
Mast cells play a pivotal role in allergic inflammatory reactions and the defense against certain bacteria and parasites [1, 2] . In addition to these well-characterized areas, recent studies have revealed the roles of mast cells in innate and adaptive immunity and implicated them in the pathogenesis of autoimmune diseases, chronic heart failure, cancer, and tolerance [3, 4] . Mast cells differentiate from hematopoietic progenitor cells in the bone marrow (BM) after progenitor cells migrate into local tissues [5] . Three recent studies identified mouse mast cell progenitors (mMCPs) using various combinations of cell surface markers [6 -8] . The stem cell factor (SCF)/c-Kit system is essential for the differentiation, proliferation, and survival of mast cells [9] : Loss-of-function mutations in the Sl locus encoding SCF [10] and the W locus encoding c-Kit, the SCF receptor [11] , lead to severe defects in mast cell development.
Properties of mast cells exhibit heterogeneity, depending on tissues and species from which they are derived. For example, in mice, mucosal mast cells (MMCs) are located in the intestine and lung, and connective tissue mast cells (CTMCs) are located in the skin [12, 13] . These different types of cells exhibit differences in lifespan, morphology, development, expression pattern of mMCPs and proteoglycans, and sensitivity to immunologic and nonimmunologic stimuli: MMCs predominantly express mMCP-1 and -2, whereas CTMCs preferentially express mMCP-4, -5, -6, and -7 and carboxypeptidase A [14 -19] .
Aggregation of the high-affinity IgE receptor (FcεRI) on IgE-bound mast cells with multivalent antigen induces their activation. Activated mast cells release a variety of preformed and de novo-synthesized chemical and protein mediators, such as histamine, proteases, leukotrienes, PGs, and various cytokines/chemokines [2] . In addition to this traditional mechanism for mast cell activation, survival and other outcomes of mast cell activation can be induced by monomeric IgE in the absence of multivalent antigen [20, 21] . Our recent study showed that mouse IgE molecules display a vast heterogeneity in their ability to induce survival and activation events in mouse mast cells [22] : On the one hand, highly cytokinergic (HC) IgEs induce survival, degranulation, proliferation, adhesion, migration, and expression of cytokines/chemokines such as IL-6 and TNF-␣; at the other end of the spectrum, poorly cytokinergic (PC) IgEs do so inefficiently [23] .
Here, we show that IgE molecules, particularly HC IgEs, have the ability to facilitate mast cell differentiation from BM cells and purified MCPs. IgEs do not simply accelerate mast cell differentiation but affect the phenotype of resulting mast cells.
MATERIALS AND METHODS

Reagents
Anti-DNP IgE mAb [clone H1 DNP-ε-206 (abbreviated as 206), clone H1 DNP-ε-26 (abbreviated as 26), clone 27-74, and clone SPE-7] were described previously [22] . DNP conjugated with human serum albumin (HSA), DNP 23 -HSA, was a gift from Teruko Ishizaka (La Jolla Institute for Allergy and Immunology, La Jolla, CA, USA). Recombinant (r)mSCF was a gift from Kirin Brewery (Tokyo, Japan). rmIL-3 was purchased from PeproTech (Rocky Hill, NJ, USA). Anti-Syntaxin-2, -3, and -4, anti-vesicle-associated membrane protein (VAMP)-8, and anti-Munc18-2 have been described [24, 25] . Anti-VAMP-2 and anti-soluble N-ethylmaleide sensitive factor attachment protein (SNAP)-23 were purchased from Synaptic Systems (Goettingen, Germany). Anti-mouse ␤-actin and p38 antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Culture of BM cells and MCPs
BM cells were cultured in the presence of an optimal concentration (5 ng/ml) of IL-3 with various concentrations of different IgEs, with or without antigen, from the initiation of culture. MCPs were isolated from BM cells as defined by Chen et al. [7] . Lin -Sca-1 -Ly6c -FcεRI -c-Kit ϩ ␤7 ϩ CD27 lo/-MCPs were sorted into 96-well plates using a FACSVantage cell sorter (BD Biosciences, San Jose, CA, USA) and cultured in IL-3-containing medium with or without IgEs. Mouse studies were approved by the La Jolla Institute for Allergy and Immunology Review Board. Histamine contents of the resulting mast cells [BMderived mast cells (BMMCs)] were measured as described previously [22] .
Flow cytometry
For the measurement of surface expression of FcεRI and c-Kit, BMMCs were incubated first with 10 g/ml 2.4G2 mAb (BD Biosciences PharMingen, San Diego, CA, USA) at 4°C for 10 min and then with 20 g/ml 206 IgE at room temperature for 30 min. The cells were incubated with FITC-conjugated anti-mouse IgE (BD Biosciences PharMingen) and PE-conjugated anti-c-Kit mAb (BD Biosciences PharMingen) for 30 min. Flow cytometric analysis of the stained cells was performed with FACScan or FACSCalibur (BD Biosciences) equipped with CellQuest software.
Electron microscopy
BMMCs were postfixed in 2% glutaraldehyde in PBS, washed in PBS, and then stained with 1% OsO 4 in 0.1 M cacodylate buffer, 1% tannic acid, and 1% uranyl acetate. Samples were examined using a Hitachi 600 transmission electron microscope [26] .
Quantitative RT-PCR analysis
An equal amount of total RNA (1 g) was used for RT. Real-time RT-PCR was performed as follows: cDNA (5 ng) was amplified in a 20-l reaction volume containing a LightCycler 480 SYBR Green I Master mixture (Roche Diagnostics GmbH, Mannheim, Germany) and 0.5 M forward and reverse primers purchased from Integrated DNA Technologies (Coralville, IA, USA), using a LightCycler 480 (Roche Diagnostics GmbH) as follows: 95°C for 5 min, followed by 45 amplification cycles (95°C, 10 s; 55°C, 10 s; 72°C, 10 s).
Melting-curve analysis was performed for the identification of PCR products. All amplified PCR products yielded a single melting peak. Relative expression levels using 18S RNA as a control were determined using the ⌬⌬-comparative threshold method. The sequence of each primer set is described in Table 1 .
Immunoblotting
BMMCs were lysed in 1% Nonidet P-40 (NP-40)-containing lysis buffer (20 mM Tris-HCl, pH 8.0, 0.15 M NaCl, 1 mM EDTA, 1 mM sodium orthovanadate, 1 mM PMSF, 10 g/ml aprotinin, 10 g/ml leupeptin, 25 M pnitrophenyl pЈ-guanidinobenzoate, 1 M pepstatin, and 0.1% sodium azide). In some experiments, BMMCs were directly lysed and boiled in SDS sample buffer (0.1 M Tris-HCl, pH 8.0, 2% SDS, 0.01 M DTT, 10% glycerol). Cell lysates were analyzed by SDS-PAGE, followed by immunoblotting. Proteins reactive with primary antibodies were visualized with a HRP-conjugated secondary antibody and Western Lightning TM chemiluminescence reagents (PerkinElmer Life Sciences, Boston, MA, USA).
RESULTS
Mast cell numbers increase in the presence of IgE HC and PC IgEs affect various aspects of mast cell biology in the absence of specific antigen [23] . However, it is not yet known whether IgE can affect mast cell differentiation. To evaluate the effect of IgE on mast cell differentiation, BM cells from 129/SvJ mice were cultured in the presence of an optimal concentration (5 ng/ml) of IL-3, with or without 206 IgE (a typical PC IgE) or SPE-7 IgE (a typical HC IgE), and total and mast cell numbers were monitored over time. When BM cells were cultured with IgE, total live cell numbers were higher as compared with cells cultured with IL-3-containing medium alone or PBS in place of IgE. Moreover, the numbers of SPE-7 IgE-incubated BM cells were greater than those of 206 IgEincubated cells (Fig. 1A) . As a comparison, BM cells were cultured with 206 IgE plus increasing concentrations of antigen. Under such conditions, total live cell numbers increased in an antigen concentration-dependent manner (Fig. 1B) . Addition of SCF increased cell numbers dramatically as expected (data not shown).
When BM cells were cultured in IL-3-containing medium, the proportion of FcεRI ϩ /c-Kit ϩ mast cells gradually increased, and these cultures consisted of Ͼ85% mast cells after 5 weeks (Fig. 1C) . In the presence of either IgE, the mast cell purity reached Ն80% faster than without IgE. Furthermore, the purity of the cells cultured with SPE-7 IgE rose to Ն80% faster than the cells cultured with 206 IgE (Fig. 1C) . When BM cells were cultured with 206 IgE plus antigen, the mast cell purity increased in an antigen concentration-dependent manner (Fig. 1D) . We also analyzed FcεRI expression levels on the surface of the cells cultured with or without IgE. In the absence of IgE, MFI of FcεRI progressively increased to 181 Ϯ 53.74 after 5 weeks of culture. In BM cells cultured with HC or PC IgE, FcεRI expression was higher than without IgE, and the expression was increased dramatically in cultures containing a high concentration of IgE (Fig. 1 , E and F), probably as a result of receptor stabilization [27, 28] . In contrast, FcεRI expression was changed according to the antigen concentrations in cultures containing 206 IgE plus antigen. Suppression of FcεRI levels at a high antigen concentration was likely a result of receptor internalization [29] . Collectively, HC and PC IgEs accelerated IL-3-dependent in vitro mast cell development. Increased mast cell development was also observed using 26 (another HC IgE) and 27-74 (another PC IgE) IgEs, and higher effects were shown by HC IgEs (data not shown). Similar promoting effects of 206 and SPE-7 IgEs on mast cell development were also observed with BM cells cultured in a suboptimal concentration (1 ng/ml) of IL-3 (data not shown). Similar IgE-mediated acceleration of mast cell development was observed with BM cells derived from C57BL/6 mice as well (data not shown).
SPE-7 but not 206 IgE elicits substantial degranulation
When BMMCs are stimulated with IgE in the absence of antigen SPE-7 but not 206, IgE can induce mast cell activation events such as degranulation and production of cytokines [20 -22] . To examine the effect of monomeric IgE on degranulation in long-term, cultured BM cells, we analyzed the granularity of mast cells cultured with or without IgE by toluidine blue staining and transmission electron microscopy. BMMCs cultured in IL-3-containing medium had lobulated nuclei and characteristic granules ( 
HC and PC IgEs affect the generation of mast cells from MCPs
Recent studies identified MCPs in mouse BM and intestines using certain cell surface markers [6 -8] . Our observed effects of IgE on mast cell development from BM cells could be a result of direct effects of IgE on MCPs or indirect effects via other IgE receptor-expressing cell types. To clarify whether IgE can directly affect the MCP population, we purified MCPs from BM cells by FACS sorting (Fig. 3A) and cultured them 
MITF, microphthalmia-associated transcription factor; PIAS3, protein inhibitor of activated stat3; Egr-1, early growth response factor-1; yy1, Yin-Yang 1; SNAREs, soluble N-ethylmaleimide-sensitive fusion protein attachment receptors.
with or without IgE. The number of live cells was counted during each medium change, and after 20 days, cells were collected and analyzed for surface expression of FcεRI and c-Kit. Incubation with SPE-7 and 206 IgEs resulted in increased mast cell numbers over those cultured in PBS instead of IgE, and this increase was IgE concentration-dependent (Fig. 3B) . The purity of FcεRI ϩ /c-Kit ϩ cells after 20 days was Ͼ90% in all conditions (Fig. 3C) . The kinetics and extent of the HC versus PC IgE effects on mast cell development were similar when BM cells and MCPs were used as starting materials (compare Fig. 1A with Fig. 3B ). Therefore, it is likely that IgE exerts its effects directly on MCPs in long-term BM cell cultures.
Expression and detergent solubility of SNARE proteins are affected by IgE
Degranulation involves secretory granule fusion with the mast cell plasma membrane. This membrane fusion reaction is mediated by integral membrane proteins termed SNAREs [30] . As a HC but not PC IgE could induce degranulation in long-term, cultured BM cells, we determined the expression levels of SNARE proteins and the fusion accessory protein Munc18-2 in mast cells generated in the presence or absence of IgE by real-time RT-PCR and immunoblot analyses. In this experiment, we analyzed the expression of SNARE proteins solubilized in NP-40 or SDS sample buffer, as some SNAREs were shown to be localized in the NP-40-insoluble fraction in FcεRI-stimulated mast cells [31] . VAMP-2 transcript levels tended to be low in mast cells cultured with SPE-7 IgE, and its levels were increased insignificantly in mast cells cultured with 206 IgE (Fig.  4A) . The VAMP-2 protein levels detected in SDS lysates correlated well with the trend of mRNA expression (Fig.  4B) , suggesting that VAMP-2 expression is regulated by IgE, at least partly at mRNA (transcriptional and/or posttranscriptional) levels. mRNA and protein (detected in SDS lysates) levels of the other tested SNARE proteins (i.e., SNAP-23, VAMP-8, and Syntaxin-2, -3, and -4) were comparable under our conditions. Interestingly, SNAP-23 and VAMP-8 protein levels (and VAMP-2 levels to a lesser extent) were drastically decreased in NP-40 lysates of mast cells cultured with SPE-7 IgE and in those of mast cells cultured with a high (5 g/ml) concentration of 206 IgE (Fig. 4B) . However, when mast cells were cultured with a low concentration of 206 IgE, expression levels of Munc18-2, SNAP-23, and VAMP-2, and -8 were increased in NP-40 lysates (Fig. 4B) . These changes likely reflect changes in subcellular location of these proteins. Similarly, low expression levels of Munc18-2, SNAP-23, and VAMP-2 and -8 (and Syntaxin-2 to a lesser extent) were observed in NP-40 lysates of the cells cultured in 206 IgE plus antigen, compared with PBS control. SPE-7 but not 206 IgE increases the expression of some mMCPs mMCPs and other proteases are major constituents of mast cell granules, and their expression is regulated by cytokines such as TGF-␤, IL-10, and IL-3 [31] [32] [33] [34] [35] [36] [37] . However, it is not known whether monomeric IgE affects expression of mMCPs in mast cells. To test this possibility, we extracted total RNA from BMMCs cultured with or without IgE and analyzed the expression pattern of a number of proteases by real-time RT-PCR. Expression of mMCP-2 and -4 was up-regulated in BMMCs cultured with SPE-7 but not 206 IgE, and mMCP-1 expression also showed the same tendency (Fig. 5) . Expression of mMCP-6 and mMCP-7, which are mouse tryptases [38] , was found to be low in BMMCs cultured with IL-3 alone. However, when BMMCs were generated in the presence of SPE-7 but not 206 IgE, their expression levels were increased dramatically. Culturing in SCF also led to a remarkable increase in mRNAs encoding mMCP-1 and -4, and the same tendency was seen for mMCP-6 and -7 mRNAs. mMCP-8 expression was suppressed in mast cells cultured with a high concentration of 206 IgE or SPE-7 IgE. In contrast, mMCP-9 and mMCP-10 expression levels were unchanged in BMMCs cultured with or without IgE. Carboxypeptidase A mRNA was up-regulated by SPE-7 but not 206 IgE. These results collectively indicate that certatin mMCPs are up-regulated by HC IgE in long-term BM cell cultures.
Expression of some mast cell-related transcription factors increases in BMMCs cultured with SPE-7 IgE
A number of transcription factors are required for mast cell differentiation [39] . To determine whether the inclusion of IgE in BM cell cultures affects expression of these factors, we analyzed expression of a number of transcription factors in BMMCs cultured with or without IgE. GATA-1 and -2 are known to be required for mast cell differentiation [40 -42] . GATA-1 expression was insignificantly increased in BMMCs cultured with SPE-7 IgE, 206 IgE plus a high concentration of antigen, or SCF (Fig. 6A) . GATA-2 expression was comparable in the BMMCs generated in the presence of SPE-7 and 206 IgEs. Although it has been reported that GATA-3 is not expressed in BMMCs [43] , we detected GATA-3 mRNA expression in BMMCs. However, GATA-3 expression levels were unchanged by IgEs.
We next analyzed expression of Stat transcription factors, as Stat5a and Stat5b are critical regulators of in vitro and in vivo mast cell development and survival [44] . However, expression of all known Stat family proteins (i.e., Stat1, -2, -3, -4, -5a, -5b, and -6) was not affected by IgEs (data not shown).
MITF-deficient mice exhibit mast cell deficiency [45] . MITF also regulates expression of mMCP-5 and -6 and c-Kit [46 -48] . However, expression of MITF was unaltered by IgE. The granulocyte-related transcription factor C/EBP␣ plays a primary role in the fate decision of bipotent basophil/MCPs, expressed in basophil progenitors but not in MCPs [6] . Consistent with this, we did not detect its expression in mast cells cultured with or without IgE (data not shown). PIAS3 is a repressor protein that regulates MITF and Stat3 activity [49 -51] . Expression of PIAS3 was increased in BMMCs cultured with 206 IgE, SPE-7 IgE, and 206 IgE plus antigen. Egr-1 is a transcription factor that mediates allergen-induced airway inflammation and reactivity [52] and also regulates expression of some cytokines including TNF-␣ in mast cells [53] . We observed that Egr-1 expression was up-regulated in BMMCs cultured with SPE-7 IgE and to a lesser extent, with 206 IgE (Fig. 6) . We did not observe any remarkable changes among 
TNF-␣ expression is up-regulated in mast cells incubated with SPE-7 IgE
TNF-␣ plays an important role in the induction of mast cellmediated inflammatory reactions [52, 54, 55] and mediates IL-3-dependent differentiation of mast cells [56] . HC IgE can induce the production and secretion of IL-3, which is largely responsible for IgE-dependent mast cell survival [57] . We therefore examined the expression of TNF-␣ in BMMCs in the presence or absence of either IgE. Expression of TNF-␣ mRNA was increased substantially in BMMCs cultured with SPE-7 IgE and to a lesser extent in those with a high concentration of 206 IgE (Fig. 7) . However, levels of TNF-␣ protein in culture supernatants were under the detection limit of ELISA, and membrane-bound TNF-␣ protein in BMMCs cultured with SPE-7 IgE was barely detectable (data not shown). We also analyzed the expression levels of other cytokines. IL-13, which is involved in allergic airway inflammation [58] , is expressed in BMMCs. TGF-␤ is an important cytokine that modulates expression of mMCP-1, -2, -6, and -7 in mast cells [32, 33, 37, 59 ]. However, expression of IL-13 and TGF-␤ was comparable in all samples.
DISCUSSION
MCPs in the BM presumably migrate into the circulation and shortly thereafter settle in tissues, where further differentiation takes place to generate mature mast cells [5] . This homeostatic mast cell differentiation appears to be controlled by SCF, as loss-of-function mutations of SCF and its receptor c-Kit result in mast cell deficiency [60, 61] . However, numerous cytokines, growth factors, and other factors are known to affect the development, proliferation, survival, and differentiation of mast cells [39] . Although such factors might affect the homeostasis of mast cell generation and turnover, they may be more important in the regulation of mast cell numbers and functions in various immune settings. For instance, mast cell numbers and expression patterns of mMCPs change dynamically during parasite infection [62] , in which serum IgE levels become several orders of magnitude higher over homeostatic levels. However, there have been no systematic studies about the effect of IgE on mast cell differentiation. Our present study demonstrates that levels of IgEs, which can be found in parasite infections and atopic mice and humans [23] , can promote differentiation of mast cells in IL-3-dependent cultures of mouse BM cells.
Our interpretation of IgE-dependent promotion of mast cell differentiation was based on the accelerated development of (Fig. 1C) and the increased, absolute numbers of mast cells at the end of 5-6 weeks of culture (Fig. 1A) . Similar results were obtained with cultures of MCPs (Fig. 3) . Under BM cell cultures, it is not clear whether IgEs directly affect the differentiation of MCPs, as these progenitor cells do not express FcεRI [7] , and the known IgE effects are mediated through the FcεRI [23] . In contrast, once MCPs commit to the expression of FcεRI, their fate will be regulated by HC and PC IgEs: Both IgEs can promote cell survival [20 -22] ; HC IgEs can induce mast cell proliferation as well. Furthermore, the survival and proliferation effects by HC IgEs are mediated by a large amount of IL-3 secreted by mast cells themselves, and autocrine IL-3 suppresses apoptosis by inducing Bcl-x L and Bcl-2 expression [57] . In the future, it will be necessary to study whether MCPs or earlier progenitors express IgE-binding receptors such as FcεRII, galectin-3, or Fc␥RIV and if so, whether the engagement of these receptors affects mast cell differentiation at MCP or earlier hematopoietic stages.
This study provides the first morphological evidence of HC IgE-induced degranulation ( Fig. 2A) . Our data also appear to be in partial agreement with dynamic changes in the membrane fusion machinery responsible for degranulation. SNARE proteins have been categorized based on their locations: Vesicle SNAREs (such as VAMP/synaptobrevin family proteins) and target SNAREs (such as proteins of syntaxin and SNAP-23 families) are present on vesicle and target membranes, respectively [30] . Three cognate SNARE proteins such as SNAP-23/ syntaxin/VAMP on opposing membranes assemble upon regulated secretion. Some SNARE proteins are localized in sphingolipid/cholesterol-rich lipid raft domains of the plasma membrane, and the integrity of these domains is important for exocytosis [63] . Ternary complexes composed of SNAP-23/ syntaxin-4/VAMP-2 are enriched in lipid rafts in rat RBL-2H3 mast cells, and syntaxin-4 and VAMP-2 levels in lipid rafts are increased after IgE stimulation [31] . Our data indicate that expression of certain SNARE proteins is decreased in NP-40 lysates of mast cells cultured with HC IgE, whereas their protein levels are unchanged in SDS lysates. As lipid rafts are insoluble in nonionic detergents, but soluble in SDS, we interpret that the decrease in SNARE protein levels in NP-40 lysates may be a result of a shift of their address to lipid rafts induced by IgE. Alternatively, HC IgE may also mobilize SNARE proteins to cytoskeleton-bound pools, as for example, SNAP-23 has been described to associate with vimentin and serve as a reservoir of supply [64] . Although the changes in solubility of the SNARE proteins in NP-40 might suggest that they are associated with degranulation in mast cells generated in SPE-7 IgE or 206 IgE plus antigen, the same changes were observed in cells cultured in 5 g/ml 206 IgE, in which no degranulation was detected. This result might suggest that even subthreshold stimuli induce relocation of some SNARE proteins.
Expression patterns of mast cell proteases are a useful indicator to distinguish different types of mast cells: MMC versus CTMC in mice and three types of human mast cells, depending on expression of tryptases and chymases (MC T , MC T ϩ C , and MC C ). We showed that expression of mMCP-1, -2, -4, -6, and -7 is up-regulated in mast cells cultured with HC IgE. This result indicates that HC IgE cannot only promote mast cell differentiation but also modulate the cellular phenotype; however, HC IgE does not skew differentiation simply toward a specific type of mast cell. The latter phenotypic change could be a result of the fact that HC IgE induces degranulation and release of various chemical, lipid, and protein mediators. One molecule that could be responsible for those modifications is TGF-␤, as TGF-␤ affects expression of some mMCPs such as mMCP-1 in mast cells [32, 33, 37, 59, 64] . However, our data suggest that TGF-␤ expression is not affected in mast cells cultured with IgE (Fig. 7) . Taken together, we hypothesize that IgE stimulation modifies the expression of mMCPs through direct or indirect mechanisms.
Mouse mast cell development and survival are largely controlled by IL-3 and SCF. TNF-␣ was also reported to play a role in the process [56] : When BM cells from TNF-␣-deficient mice were cultured in the presence of IL-3, the resulting mast cells were drastically decreased, which could be reversed by rTNF-␣. IL-3-dependent TNF-␣ secretion from membraneactivated complex-1 ϩ BM cells suppressed apoptosis of developing mast cells. Consistent with the role of TNF-␣ in IL-3-dependent mast cell survival, our data indicate that TNF-␣ is strongly expressed in mast cells cultured with HC IgE in the presence of IL-3 but weakly expressed in those with PC IgE. However, SCF does not affect TNF-␣ expression. This suggests that IgE-induced mast cell differentiation may differ mechanistically from SCF-induced differentiation. Egr-1 is required to produce TNF-␣ in mast cells [53] . Consistent with this report, we show that Egr-1 mRNA expression is strongly enhanced in mast cells cultured with HC IgE but weakly enhanced in those with PC IgE.
Several phenotypic changes (i.e, degranulation, increased histamine content, shift in location of several SNARE proteins, and expression of several mMCPs and transcription factors) observed in mast cells generated in the presence of HC IgE, compared with the cells generated without IgE, were also seen in those generated in the presence of IgE plus antigen. This could be a result of the strong ability of typical HC IgEs to induce receptor aggregation, just like the canonical FcεRI-aggregating stimulus IgE plus antigen [22] . Although it is not known under what condition or by what mechanism strongly receptor-aggregating HC IgEs similar to SPE-7 IgE are synthesized in vivo, such IgEs will promote more rapid differentiation of mast cells and more strongly affect the phenotype of mast cells than PC IgEs will. Therefore, it will be important to determine what factor(s) constitute HC versus PC IgEs. However, it may be worthy of note that HC and PC properties represent extreme opposite ends of a spectrum in character [23] .
In summary, we demonstrate that IgE can induce mast cell differentiation and proliferation in the absence of multivalent antigen. HC IgE is more effective at inducing mast cell differentiation than PC IgE. HC IgE also induces degranulation, which is associated with the expression and changes in subcellular localization of some SNARE proteins and alterations in the expression of certain mMCPs and transcription factors including Egr-1. Consistent with the increased Egr-1 mRNA expression, mast cells cultured with HC IgE show an increased TNF-␣ expression. Understanding how IgE regulates mast cell differentiation will be useful in the development of new therapeutic strategies to treat allergic asthma, atopic dermatitis, and other allergic diseases. BM cells were cultured in duplicate for 6 weeks under various conditions as described for Figure 1 . Real-time RT-PCR analysis was performed. 18S RNA was used as a control. Results are representative of three independent experiments. Data are presented as mean Ϯ SEM. *, P Ͻ 0.05, and **, P Ͻ 0.01, indicate statistically significant differences compared with nontreated control by Student's t-test.
